Summary Remobilization of internal resources is an important mechanism enabling plants to be partly independent of external nutrient availability. We assessed resource remobilization during the growing period in woody and foliar tissues of leafy branches of mature evergreen Mediterranean oak (Quercus ilex L.) at three field sites. We compared nonstructural carbohydrates, lipids, nitrogen and phosphorus pools in leaves and stems before bud burst (March) and at the end of the growing period (July). We also experimentally defoliated leafy branches to determine the storage function of old leaves. Changes in pools of carbon compounds in leaves and stems during spring and in response to defoliation indicated that foliar and woody tissues could provide carbon to support shoot growth. Independently of stem age, soluble sugar and lipid pools decreased significantly during spring. Changes in leaf pools between March and July involved all compounds measured except starch and were accompanied by a 5% decrease in mean leaf biomass. During the same period, 15% of the nitrogen and 25% of the phosphorus were removed from leaves. In contrast, woody tissues did not remobilize nitrogen or phosphorus. Our results support earlier hypotheses that leaves of evergreen species have a primary role in resource remobilization.
Introduction
The ecological significance of differences in leaf longevity of perennial plants has been the subject of many hypotheses. Monk (1966) demonstrated that evergreens tend to dominate sites where nutrient resources are scarce. Since Monk's study, much evidence has accumulated to support the conclusion that evergreen species employ a conservation strategy adapted to low-nutrient environments (Small 1972 , Schlesinger and Chabot 1977 , Chabot and Hicks 1982 , Aerts 1990 , Aerts and Van Der Peijl 1993 , Berendse 1994 , Aerts 1995 . A primary mechanism involved in this conservation strategy is the internal remobilization of carbon compounds and nutrients, which can contribute a large proportion of the annual supply required to support growth of new shoots Fife 1991, Helmisaari 1992 , Karlsson 1994 , Millard 1996 , Bollmark et al. 1999 . Internal remobilization allows growth to be partly independent of external nutrient availability at the beginning of the growing season and to occur even when nutrient availability is low (Chapin et al. 1990 , Nambiar and Fife 1991 , Proe and Millard 1994 , ColinBelgrand et al. 1996 . Internal remobilization includes both reserves recirculated after storage and recycling from senescing tissues. The latter process implies reuse of compounds whose immediate physiological function contributes to growth or defense, but which can be broken down to support future growth (Chapin et al. 1990 ).
The pattern of resource remobilization depends largely on leaf demography (Millard 1996) . Because deciduous species lack photosynthesizing tissue in early spring, they store more carbon compounds in ligneous tissues than evergreen species (Chapin et al. 1990, Fischer and Höll 1991) , particularly in stems and roots (Chapin 1980 , Titus and Kang 1982 , Chapin et al. 1990 , Millard 1996 . Nutrient remobilization also seems to differ between these two leaf forms. For example, specific wood and bark storage proteins seem to play an important role in nitrogen storage of deciduous trees (Coleman et al. 1991, Sauter and Van Cleve 1992) . This reserve is depleted during spring growth and gradually replenished, from soil uptake during summer, and by recycling from senescing leaves in autumn (Chapin 1980, Millard and Proe 1991) . In contrast, in evergreen species, old leaves are assumed to play the main role in supplying carbon and nutrients for newly developing shoots (Chapin 1980 , Chapin et al. 1990 ). According to Reader (1978) and Chapin (1980) , evergreen species retain leaf resources in situ during winter, rather than translocating them to stems and roots. However, the management of internal resources in evergreen species is not yet completely clarified. There is evidence that old leaves may not be the only site of remobilization in evergreen species. For example, Jonasson (1989 Jonasson ( , 1995 concluded that nutrient supply to new shoot growth of conifers is not completely dependent on old leaves. Roberts et al. (1991) suggested that nitrogen can be stored as bark proteins in ligneous tissues of coniferous evergreens. Moreover, because many studies have been conducted on tree seedlings or on small shrubs under controlled conditions, it is possible that different processes are involved in adult coniferous evergreen trees growing in the field under natural conditions.
We assessed the relative importance of woody and foliar tissues in remobilization of carbon and nutrients in the evergreen Mediterranean oak (Quercus ilex L.) during the growth period. Two approaches were used to test the hypothesis that, compared with woody tissues, old foliage plays a primary role in remobilization of carbon and nutrients. First, we compared carbohydrate, lipid, nitrogen and phosphorus pools in stems and leaves before the beginning of bud burst and at the end of the growing period. Second, to assess the storage function of old leaves, we experimentally defoliated branches before the beginning of bud burst to prevent remobilization.
The carbohydrate analyses included soluble sugars, starch and hemicellulose. The nutrient analyses focused on nitrogen and phosphorus. These two elements, by influencing leaf photosynthetic capacity (Reich and Schoettle 1988, Niinemets et al. 1999) , affect plant productivity when they are in low quantities in the environment (Chapin et al. 1990 ). In Mediterranean soils, the high stability of organic compounds and the summer drought tend to impede their external uptake (Rapp 1983 , Smeck 1985 , Leonardi et al. 1992 . Such limiting environmental conditions should emphasize the role of internal reallocation.
Materials and methods
Holm oak (Quercus ilex) is an evergreen Mediterranean tree prevalent in the western part of the Mediterranean Basin (Barbero et al. 1992) . Leaf longevity ranges from 18 to 36 months. Leaf fall occurs throughout the year, but with a maximum from April to July.
Study sites
The study was carried out from March to July 1999 on mature trees growing under field conditions. Three sites (Camp Redon, Puéchabon and Patus) were selected within a 30-km radius around Montpellier, southern France (43°36′ N, 3°53′ E). Each site has a Mediterranean-type climate. Mean annual rainfall over the 1970-1999 period was 789 mm (data from the meteorological station of Camp Redon) occurring primarily in autumn and winter (80-90% between September and April). Mean monthly temperature at Camp Redon ranges between 6.5°C (January) and 23°C (July). At the three sites, the soil is a Mediterranean red clay soil, but large variation occurs in the coarse fraction. In Camp Redon, the soil is deep with a few calcareous stones in the profile, whereas in Patus and Puéchabon, the hard limestone substrate is covered by a superficial, shallow and stony calcareous layer. Soil organic matter content averages 13% in Puéchabon and Patus and 14% in Camp Redon. At all sites, pH ranges between 7 and 8.
Sample collection before and after shoot growth
All studies were conducted on leafy branches containing the last three growth units. At each site, three mature trees (6-8 m high) were selected. Three sunlit branches per tree were collected at the beginning of March 1999, before the onset of resource remobilization to support new growth. At the beginning of July, when Q. ilex leaves reach maturity (Damesin et al. 1998) , another three sunlit branches per tree were collected. Within a tree, selected branches were located far apart from one another, to ensure that the growth and functioning of branches was unaffected by earlier sampling of other branches.
Defoliation experiment
The defoliation experiment was conducted on the same trees from which branches were collected. Three branches per tree were completely defoliated simultaneously with the collection of the March branches, which served as the controls for the period before shoot growth. In July, these defoliated branches, which produced new shoots, were harvested. Undefoliated branches collected at the same time served as the controls for the period after shoot growth.
Laboratory methods
All harvested branches were separated into leaves and stems of different ages. Abbreviations Lc and Sc denote leaves and stems, respectively, developed during the current year (1999). Abbreviations S0, S1 and S2 denote 1-, 2-and 3-year-old stems (developed in 1998, 1997 and 1996) , respectively, and L0, L1 and L2 denote 1-, 2-and 3-year-old leaves (developed in 1998, 1997 and 1996) , respectively. Leaf area of fresh leaves was determined with an area meter (Delta-T Image Analysis System, Delta-T Devices, Cambridge, U.K.). All fractions were then dried at 60°C for at least 24 h and weighed. After drying, leaves were ground (Cyclotec 1093 Sample Mill, Tecator, Höganäs, Sweden), and soluble sugar, starch, lipid, hemicellulose, nitrogen and phosphorus concentrations were determined by near-infrared spectrophotometry (NIRSystems 6500, Foss NIRSystems, Raamsdonksveer, The Netherlands), according to the method described by Joffre et al. (1992) , Damesin et al. (1997) and Gillon et al. (1999) . The measured values were obtained with standard errors of calibration of 1.50% for soluble sugars, 2.20% for starch, 1.52% for lipids, 1.35% for hemicellulose, 0.13% for nitrogen and 0.09% for phosphorus.
Methods for assessing resource remobilization
Tissue mass may vary during the growth period as a result of biomass increment or removal of storage compounds. A decrease in nitrogen concentration, for example, can occur because of nitrogen removal or a dilution effect following an increase in the size of the considered compartment (Escudero et al. 1992a, Pugnaire and Chapin 1993) . This difficulty was circumvented by expressing concentrations relative to a constant parameter. Stem and leaf biomass variations depend essentially on diameter and thickness modifications, respectively, whereas stem length and leaf area can be considered constant. Therefore, resource mobilization was expressed on lengthbased concentrations (C l ) for stems and area-based concentrations (C a ) for leaves. Length-based concentrations were calculated as:
where C m represents mass-based concentration and SML is stem mass per unit length. Area based concentrations were calculated as:
where LMA is leaf mass per unit area. Leaf dry matter remobilization (DMR; %) during new shoot development was expressed as:
where LMA i and LMA f define LMA at the beginning of bud break and at the end of the growing period, respectively. Because the change in stem biomass between March and April reflected both resource reallocation and radial growth, it was not possible to calculate stem dry matter remobilization. Carbohydrate, lipid and nutrient remobilization for stems was calculated as:
where C li and C lf represent stem length-based concentrations at the beginning of bud break and at the end of the growing period, respectively. Carbohydrate, lipid, and nutrient remobilization for leaves was calculated as:
where C ai and C af represent leaf area-based concentrations at the beginning of bud break and at the end of the growing period, respectively. Nutrient losses by leaching were assumed to be negligible (Reader 1978) .
Statistical analysis
Changes in stem and leaf pools between March and July were analyzed by a three-way nested ANOVA, testing the effects of the factors harvesting period, site, tree (tree within site) and the interaction site × period. Because the tree × period interaction was always nonsignificant, this term was excluded from the analyses. A significant effect of the factor period and the interaction site × period revealed that the remobilization pattern for the whole data set was not homogeneous between sites. In this case, one analysis per site was performed. Similar statistical treatments were applied in the defoliation experiment, with the factors treatment, site and tree (tree within site), and the interaction site × treatment. Similarly, the interaction tree × period was excluded from the analyses. When the factor treatment and the interaction treatment × site were significant, separate ANOVAs were conducted by site. The impact of defoliation on the growth parameters was tested by covariance analysis, with total stem biomass as the covariate, thereby accounting for the influence of branch size on biomass production. Statistical analyses were performed with the GLM procedure of SAS (Version 6.03, SAS Institute, Cary, NC). When the design was unbalanced, because all leaf and stem age classes were not present on all branches (Table 1) , effects of the different factors were tested based on the type IV estimation hypothesis.
Results

Seasonal changes in stem and leaf pools
Stem pools of soluble sugars and lipids decreased significantly over the season (Table 2) , independently of stem age (S0, S1 and S2). The remobilized quantities of soluble sugars reached 23, 29 and 17% for S0, S1 and S2, respectively. For lipids, 29, 40 and 29% of the initial pools were removed from S0, S1 and S2, respectively. This pattern was similar among sites, except for lipids in S2, where only trees at Patus followed this tendency. The starch and hemicellulose pools remained constant in S0 and S1, but increased by 34 and 39%, respectively, in S2. Nitrogen pool sizes of S0 and S1 remained more or less constant during the growing period, whereas the nitrogen pool of S2 increased by 35%. Phosphorus pool size did not change significantly during the growing period in S0, but phosphorus pools increased by 38 and 37% in S1 and S2, respectively (Table 2).
Seasonal changes in leaf pools over the same period involved all compounds except starch (Table 3 ). There was a significant 10% decrease in the soluble sugar pool between March and July in L1. A similar trend was also observed in L2 (P = 0.075) ( Table 3 ). The hemicellulose pool declined markedly, varying from 15% for L0 to 21% for L2. This pattern was similar among sites, even for L0 where the period × site interaction was significant. The lipid pool decreased significantly (7%) only in L1. The trend was similar but not significant in L2 (P = 0.084). Nitrogen was remobilized only from L0 and L1, decreasing the initial pools by 11 and 20%, respectively (Table 3) . Phosphorus followed a similar pattern to N even for the L0 leaves, where the site by site analysis revealed a similar trend at the three sites. The loss of phosphorus reached 26% for L0 and 24% for L1. All of these processes induced leaf dry Table 3 . Seasonal changes in carbohydrate, lipid, nitrogen, and phosphorus pools in leaves (L0, L1 and L2) of Quercus ilex. The three-way nested ANOVAs of the results included the factors harvesting period, site, tree and the interaction period × site. Only the effects of period and period × site are shown. The F and P values refer to the significance of the factors (ns = nonsignificant; * = P < 0.05; ** = P < 0.01; *** = P < 0.001). Remobilization values (%) are given when the factor period is significant (positive values = net loss of material and negative values = net accumulation of material).
Period
Period × site Remobilization 
Impact of defoliation on new shoot growth
Defoliation resulted in a 12% increase in new stem number (Table 4) . Total stem length, total stem biomass and stem mass per unit length (SML) were not affected by defoliation. Removal of old leaves caused a 25% decrease in mean leaf biomass but did not modify LMA (Table 4) . Defoliation caused a significant reduction (7%) in total leaf biomass and total leaf area. Defoliation also resulted in a significant increase (11%) in total leaf number, when averaged across all sites; however, the site by site analysis revealed that the treatment effect was significant only for trees at Camp Redon.
Impact of defoliation on new shoot pools
Defoliation had no effect on carbohydrate and lipid pools in new stems (Sc). Defoliation also had no significant effect on the nitrogen pool, although it reduced the phosphorus pool by 19% in newly developed stems (Sc) ( Table 5 ). The impact of defoliation on biochemical pools of new leaves (Lc) was consistent among the three sites. No effect was observed on hemicellulose, starch, soluble sugar or lipid pools. Defoliation caused a 14% decrease in the nitrogen pool of new leaves (Lc), but had no impact on the phosphorus pool (Table 5) .
Impact of defoliation on remobilization from old stems
Starch and hemicellulose pools were not significantly affected by defoliation (Table 6 ). Soluble sugar and lipid pools were reduced in defoliated S0, but the effect was significant only for trees at Camp Redon. There was no effect of defoliation on nitrogen and phosphorus pools in stems of any age (Table 6) .
Discussion
Leaves and stems as potential sources of carbon
Seasonal changes in tissue pool sizes indicated that carbon compounds were remobilized from old leaves and old stems. The loss of leaf biomass, which was a direct consequence of this carbon remobilization, ranged between 3% for L0 and 6% for L1 and L2. These values are consistent with the results of Eckstein et al. (1998) showing that dry matter remobilization ranged between 2 and 30%, depending on the evergreen species. Many studies have demonstrated that old leaves represent a source of carbon for growth or reproduction (Reader 1978 , Jonasson 1989 , Fischer and Höll 1991 , Karlsson 1994 , Eckstein et al. 1998 , Lyytikaïnen-Saarenmaa 1999 .
However, few studies have demonstrated the role of woody tissues as potential carbon pools for evergreens (Larcher and Thomaser-Thin 1988) . The negative impacts of defoliation on several leaf-growth parameters confirmed that old leaves are a source of carbon for new leaf (Lc) growth. Furthermore, the loss of this carbon reservoir was not compensated by increased remobilization of lipids and soluble sugars from old stems, or by an external supply. The absence of an effect of defoliation on stem growth could indicate that stem development was independent of old foliage carbon reserves. Many defoliation experiments have shown that removal of old leaves affects leaf-growth-related parameters (Reader 1978 , Jonasson 1989 , Karlsson 1994 , Jonasson 1995 , Eckstein et al. 1998 , Lyytikaïnen-Saarenmaa 1999 , indicating that old foliage is a major source of carbohydrates during shoot growth. However, this carbohydrate supply is generally considered to come from photosynthates synthesized before bud break. With increasing air temperature in early spring, photosynthesis in evergreens can begin long before the onset of shoot and root growth (Fischer and Höll 1991) , especially in a Mediterranean climate where carbon assimilation can occur year round. We were unable to distinguish between contributions from reserves stored in the leaves over winter and carbohydrates synthesized at the TREE PHYSIOLOGY ONLINE at http://heronpublishing.com Table 4 . Effects of defoliation on growth of new stems (Sc) and new leaves (Lc). Abbreviations: SML = specific mass length and LMA = specific mass area. The ANCOVAs of the results included the factors treatment, site, tree, the interaction treatment × site and the covariate, which takes into account the initial size of the branch. Only the effects of treatment and treatment × site are shown. The F and P values refer to the significance of the factors (ns = nonsignificant; * = P < 0.05; ** = P < 0.01; *** = P < 0.001). The impact of defoliation on a given parameter (expressed as a percentage of the control value) is indicated when the factor treatment is significant. The sources of carbon differed between leaves and stems. For stems, the carbon supply came essentially from soluble sugars and lipids. Stems remobilized between 5 and 23% of the initial soluble sugar pool and between 21 and 29% of the lipid pool. For leaves, the main sources of carbon were from the hemicellulose pool (between 15 and 21% remobilized) and lipids (18% remobilized). Leaves also mobilized between 9 and 17% of the soluble sugars. The role of lipids in woody tissue remobilization has previously been reported for Medi-14 CHERBUY, JOFFRE, GILLON AND RAMBAL TREE PHYSIOLOGY VOLUME 21, 2001 Table 5 . Effects of defoliation on carbohydrate, lipid, nitrogen and phosphorus pools of new stems (Sc) and new leaves (Lc). The ANCOVAs of the results included the factors treatment, site, tree, the interaction treatment × site. Only the effects of treatment and treatment × site are shown. The F and P values refer to the significance of the factors (ns = nonsignificant; * = P < 0.05; ** = P < 0.01; *** = P < 0.001). The impact of defoliation on a given parameter (expressed as a percentage of the control value) is indicated when the factor treatment is significant. Table 6 . Effects of defoliation on carbohydrate, lipid, nitrogen and phosphorus pools of old stems (S0, S1 and S2). The ANCOVAs of the results included the factors treatment, site, tree, the interaction treatment × site. Only the effects of treatment and treatment × site are shown. The F and P values refer to the significance of the factors (ns = nonsignificant; * = P < 0.05; ** = P < 0.01; *** = P < 0.001). The impact of defoliation on a given parameter (expressed as a percentage of the control value) is indicated when the factor treatment is significant.
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Treatment
Treatment × site Impact of defoliation (Larcher and Thomaser-Thin 1988) . There was a concomitant increase in hemicellulose pools in older stems and a decrease in hemicellulose pools in leaves of all age classes. Because hemicelluloses comprise many different carbohydrates, some of which can be mobilized, it is difficult to classify hemicellulose as a structural or nonstructural compound (cf. Chapin et al. 1990 ). Our analysis of hemicellulose was based on Van Soest's protocol (1963) . According to Rowland and Roberts (1994) , this method could extract other compounds along with hemicellulose sensu stricto. However, Bollmark et al. (1999) also concluded that, in addition to starch and soluble sugars, hemicellulose represents a potential carbon reserve in trees. There were no significant changes in starch pools in leaves and 1-year-old stems, but a 34% increase was observed in 2-year-old stems, suggesting that the main role of starch is not to furnish carbon during shoot growth. Some authors have concluded that starch protects against freezing or water stress, or both (Larcher and Thomaser-Thin 1988 , Fischer and Höll 1991 , Meletiou-Christou et al. 1992 , Ashworth et al. 1993 . However, the increase in the starch pool in the 2-and 3-yearold stems could have resulted from both consumption of carbohydrate reserves and accumulation of current photosynthates (Yamashita 1990) . Newly developed leaves presumably became mature enough to produce photosynthates before the July sampling date, resulting in a positive carbon balance and consequently in starch accumulation in woody tissues.
Leaves and stems as a potential source of nutrients
There were no significant decreases in nitrogen and phosphorus pools in stems over the spring period, suggesting that stems do not participate in the seasonal demand for nutrients (Jonasson 1995 ). This conclusion is corroborated by the finding that no extra nutrient recycling occurred to compensate for the removal of old leaves in the defoliation experiment. In contrast to woody tissues, leaves remobilized nitrogen and phosphorus. As previously reported for coniferous species (Greenway et al. 1992, Millard and Proe 1993) , nutrient remobilization took place in the youngest age classes of leaves (11% in L0 and 20% in L1 for N; 26% in L0 and 24% in L1 for P). Our results are comparable with those reported by Eckstein et al. (1998) for evergreen species (10-64 % for N; 16-48 % for P). Remobilization was higher for nitrogen than for phosphorus (Helmisaari 1992 , Karlsson 1994 , Aerts 1996 , which may be associated with the high mobility of this element (Fife and Nambiar 1982) . Our findings differ from those of Escudero et al. (1992a) , who carried out a seasonal survey of leaf growth and nitrogen pools in Quercus ilex. Escudero et al. (1992a) did not observe a significant withdrawal of nitrogen from leaves during shoot growth and concluded that leaves of Q. ilex do not play an important role as nitrogen storage organs. However, our results are in agreement with other studies on Q. ilex (Sabate et al. 1995) and various conifers and broad-leaved evergreen species, showing storage of nutrients during winter and remobilization during the spring to support new growth (Nambiar and Fife 1987 , Wendler et al. 1995 , Rapp et al. 1999 .
The negative impact of defoliation on nitrogen and phosphorus pools of newly developed shoots confirms the role of old leaves as potential suppliers of nutrients. Because LMA and SML were not affected by defoliation, differences in nitrogen and phosphorus pools of new leaves and stems were a result of differences in mass-based concentrations. In contrast, the negative impact of defoliation on nutrient pool sizes observed in evergreen Rhododendron lapponicum (L.) Wahlenb. by Karlsson (1994) was a result of an increase in new shoot biomass rather than changes in tissue nutrient concentrations. Jonasson (1989 Jonasson ( , 1995 noted that the removal of old leaves of several evergreen species did not decrease the allocation of nutrients. He concluded that leaf tissues do not contribute to the nutrient supply for growth and that the long leaf retention time principally serves to maximize the carbon budget. Eckstein et al. (1998) studied many evergreen and deciduous species and reported all types of responses relative to nutrients. The large variation in remobilization efficiency among species (Jonasson 1989 , Eckstein et al. 1998 , individuals and years (Chapin and Kedrowsky 1983 , Nordell and Karlsson 1995 , Killingbeck 1996 , the date of defoliation (Jonasson 1995 , Lyytikaïnen-Saarenmaa 1999 and the intensity of defoliation (Lyytikaïnen-Saarenmaa 1999) can affect defoliation responses. Karlsson (1994) observed that reproductive and nonreproductive branches were affected differently by the removal of old leaves and suggested that the priority in terms of resource allocation differs according to the function of the tree part. Defoliation responses are also influenced if the removal of a potential pool of nutrients is compensated by an external supply from the roots (Jonasson 1989, May and Killingbeck 1992) .
Leaf resource remobilization and resorption
Remobilization of resources is not restricted to senescing organs; in evergreen species, particularly, it can occur during new shoot development (Millard and Proe 1993, Escarré et al. 1999 ). We observed a significant contribution of mature non-senescing leaves (L0, L1 and L2) to carbon and nutrient supply in the spring. However, most of the studies on internal resource management have considered leaf remobilization during senescence, i.e., the period between the time that leaves attain maturity and the time that leaves are shed. Consequently, the values reported are for resorption, as defined by Killingbeck (1986) . These considerations raise the need for a precise nomenclature and precise methods for defining and assessing resource mobilization processes (Killingbeck 1986 , Aerts 1996 .
Because we calculated remobilization for the growing period rather than for senescence, our leaf dry matter remobilization values (3% for L0 and 6% for L1 and L2) are lower than published resorption values (sensu Killingbeck 1986 ). Jonasson (1995) and Karlsson (1994) estimated that the decrease in leaf dry matter biomass of evergreen Rhododendron lapponicum varied between 30 and 37%. Helmisaari (1992) noted a 25 to 40% decline in needle biomass during senescence in Pinus sylvestris L. The values obtained for two species closely related to Quercus ilex (Quercus chrysolepis Liebm. and Quercus agrifolia Née) reached 9 and 12%, respectively (Knops and Koenig 1997) .
Similarly, leaf nitrogen and phosphorus resorption data for the senescence period (Helmisaari 1992 , Pugnaire and Chapin 1993 , Karlsson 1994 , Jonasson 1995 , Aerts 1996 , Knops and Koenig 1997 are higher than the remobilization values we obtained over the growing period. For example, Escudero et al. (1992b) reported leaf nitrogen and phosphorus resorption values of 31% for N and 33% for P for Q. ilex. Based on an inventory of a wide variety of studies, Aerts (1996) concluded that leaves of evergreen shrubs and trees recycled, on average, 47% of N and 51% of P.
Conclusion
We demonstrated that old leaves and stems of mature, fieldgrown Q. ilex both participate in supplying carbon for new growth. Ligneous tissues played no role in nitrogen and phosphorus remobilization. Quercus ilex leaves represented the only pools of nitrogen and phosphorus at the branch level. These conclusions confirm the primary role of old leaves in internal nutrient remobilization in evergreen species and support the hypothesis that the mechanisms of resource management differ between deciduous and evergreen species (Chapin 1980 , Nambiar and Fife 1991 , Millard 1996 , Eckstein et al. 1998 . The net balance approach that we used may have masked processes of chemical conversion between carbohydrates (Ashworth et al. 1993) or processes of exchange between different compartments. Consequently, we were unable to elucidate the role of starch in carbon remobilization. We were also unable to determine if the quantities of nutrients remobilized from old leaves were sufficient to satisfy the high demand during spring growth. An isotopic labeling study would provide the answer to this question (Yamashita 1990 , Millard 1996 and it could also be used to determine if other organs, such as roots and trunks, function in internal remobilization of carbon and nutrients (Millard and Proe 1992, 1993) .
